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Preparation of polyolefins having high molecular weights in the presence of an organic 
transition metal compound in a gas-phase fluidlzed-bed reactor 

The present invention relates to a process for preparing polyolefins having high molecular weights 
5 in the presence of a catalyst comprising an organic transition metal compound in a gas-phase 
fluidized-bed reactor, where the polyolefins prepared have a melt flow rate at 2.16 kg and 190°C 
in accordance with ISO 1 1 33 of less than 4 g/1 0 min. 

Gas-phase polymerization processes are economical processes for the polymerization of Cr-Cr- 
10 -olefins. Such gas-phase polymerization processes can, in particular, be carried out as gas- 
phase fluidized-bed processes in which the polymer particles are kept in suspension by a suitable 
gas stream. Processes of this type are described, for example, in EP-A-0 475 603, EP-A- 
0 089 691 and EP-A-0 571 826. 

1 5 During operation of the polymerization reactor, fine particles can be discharged from the reactor 
by the gas or can fall back into the fluidized bed. However, fine particles also tend to deposit and 
accumulate on the interior wall of the reactor, particularly in the calming zone known as the 
freeboard. This can result in formation of deposits which, when they reach a relatively great 
thickness, become detached and can, for example, block the polymer discharge facility or the 

20 distributor plate, while smaller agglomerates are discharged from the reactor together with the 
product and impair the,qua.lity of the latter. 

The polymerization reaction is carried out using a catalyst and, if appropriate, a cocatalyst. While 
the preparation of polyolefins having a relatively high molecular weight and thus a melt flow rate 

25 (MFR) at 2.16 kg and 190°C in accordance with DIN EN ISO 1 133 of less than 4 g/10 min is 
unproblematical in process engineering terms when using Ziegler-Natta catalysts or chromium 
catalysts, the formation of fine particles presents considerable problems when using catalysts 
comprising organic transition metal compounds, in particular metallocene catalysts, especially 
when starting up the reactor. Many of these catalysts, in particular metallocene catalysts based on 

30 bis(1-methyl-3-butylcyclopentadienyl)zirkonium dichloride, tend to form fine partiples during start- 
up of the reactor and these accumulate in the calming zone, form deposits and lumps and can 
hinder the start-up process to such an extent that it has to be terminated. 

Various approaches have hitherto been described for improving the start-up behavior and 
35 operation of gas-phase fluidized-bed reactors. Thus, WO 99/03901 and EP 692 500 A1 use 

soundwaves to prevent adhesion of particles, particularly at low heights of the fluidized bed in the 
reactor. 
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In WO 99/00430, the gas stream taken off from the reactor is divided into two parts and one part 
is cooled in a condenser to below the dew point of the gas and fed directly back into the reactor in 
an amount of at least 10 I per cubic meter of fluidized bed per hour and the other part is conveyed 
in a bypass around the condenser, passed through a heat exchanger and then fed back into the 
5 reactor. 

However, all approaches employed hitherto are associated with a relatively great outlay in terms 
of apparatus and/or give unsatisfactory results when a gas-phase fluidized-bed reactor is 
operated using catalysts based on organic transition metal compounds. 

10 

It is an object of the present invention to overcome the abovementioned disadvantages of the 
prior art and to provide a process which ensures trouble-free operation of the reactor, in particular 
during start-up, even when using organic transition metal compounds, in particular metallocenes, 
as catalysts and when producing products having a high molecular weight and can be carried out 
15 simply and inexpensively. 

We have found that this object is achieved by a process for preparing polyolefins having a melt 
flow rate at 2.16 kg and 190°C in accordance with ISO 1 133 of less than 4 g/10 min in a gas- 
phase fluidized-bed reactor using a catalyst comprising an organic transition metal compound, in 
20 which polyolefins having an increased melt flow rate of above 4 g/1 0 min are prepared for a 
transitional period in a start-up phase. 

The temporary increase in the melt flow rate (MFR) to above 4 g/10 min during the start-up phase 
of the reactor reduces the formation of fine particles and prevents formation of relatively large 
25 lumps. The reactor can be started up reliably in this way and trouble-free and uniform operation of 
the reactor is achieved even when the melt flow rate is decreased to below 4 g/10 min after the 
start-up phase. 

Without being tied to this explanation, the effect of the process of the present invention may be 
30 due to an increased melt flow rate during start-up of the fluidized-bed reactor leading firstly to a 
reduction in fine particle formation as a result of improved cohesion of the polymer particles and 
secondly to the catalyst being retained to a greater extent in the fluidized bed as a result of the 
increased stickiness of the polymer particles.and not depositing in the freeboard. 

35 The process of the present invention has been developed for the start-up of gas-phase fluidized- 
bed reactors as are described in detail in, for example, EP-A-0 475 603, EP-A-0 089 691 and 
EP-A-0 571 826. In general, the gas-phase fluidized-bed reactor is a relatively long tube through 
which reactor gas is circulated. In general, the circulated reactor gas is fed in at the lower end of 
the gas-phase fluidized-bed reactor and is taken off again at its upper end. When the reactor is 
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employed for the polymerization of a-olefins, the circulated reactor gas is preferably a mixture of 
the respective ct-olefin or a-olefins and inert gases such as nitrogen and/or saturated 
hydrocarbons such as ethane, propane, butane, pentane or hexane, if desired together with a 
molecular weight regulator such as hydrogen. The velocity of the reactor gas has to be sufficiently 
5 high to fluidize the bed of finely divided polymer located in the tube and serving as polymerization 
zone and also to remove the heat of polymerization effectively. 

To obtain constant reaction conditions, the constituents of the reactor gas can be fed directly into 
the gas-phase fluidized-bed reactor or via the circulated reactor gas. In general, it is found to be 
10 advantageous to introduce the C 2 -C 8 -a-olefins directly into the gas-phase fluidized-bed reactor. 
Furthermore, it is advantageous to introduce the catalyst and any cocatalysts used directly into 
the fluidized bed of finely divided polymer in the process of the present invention. It is particularly 
advantageous to feed the catalyst described in EP-A-226 935 into the reactor in portions using an 
inert gas. 

15 

Furthermore, the amount of catalyst introduced determines the product output from the gas-phase 
fluidized-bed reactor. It is known that its capacity is limited by the cooling capacity for the 
circulated reactor gas. This cooling capacity depends, firstly, on the pressure of the reactor gas or 
that at which the (co)poiymerization is carried out It is generally advisable to employ pressures of 

20 from 1 to 100 bar, preferably from 10 to 80 bar and in particular from 15 to 50 bar. In addition, the 
cooling capacity also depends on the temperature at which the (co)polymerizatioh is carried out in 
the fluidized bed. In the process of the present invention, it is advantageous to employ 
temperatures of from 30 to 125°C, particularly preferably from 75 to 118°C, during long-term 
operation, with preference being given to certain temperatures in the upper part of this range for 

25 copolymers of relatively high density and temperatures in the lower part of this range for 
copolymers of relatively low density. 

The temperature during long-term operation of the reactor is particularly preferably in a range 
bounded by an upper limit given by equation I 

30 



35 and a lower limit given by equation II 
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where the variables have the following meanings: 

Trh maximum reaction temperature in °C 
T RN minimum reaction temperature in °C 
5 d' value of the density d of the polymer to be produced. 

According to this definition, the reaction temperature for the preparation of a polymer of the 
prescribed density d must not exceed the value defined by equation I and must not go below the 
value defined by equation II, but instead must remain between these limits. As regards details of 
10 the operating procedure in long-term operation, reference may be made to EP 571 826 B1, 
without restricting this to the use of Ziegler catalysts. 

The density d of the resulting (co)polymers and thus the reaction temperature which it is 
advantageous to select is determined in the process of the present invention essentially by the 
15 ratios of the starting materials used, in particular the ratio of ethylene to C 3 -C 8 -a-olefins. 

Apart from the temperature, the proportion of inert gases such as nitrogen or hydrocarbons also 
has an influence on the risk of conglutination and deposits occurring. High proportions of inert gas 
can reduce the risk of deposits but at the same time also adversely affect the space-time yield as 
20 a result o flow catalyst productivities, so that the process can become uneconomical. In the 
process of the present invention, the proportion of inert gas is preferably from 15 to 75% by 
volume, based on the total volume of the reaction gas. 

The melt flow rate of the polymerization products can be controlled using the methods customary 
25 in industry, for example by introduction of molecular weight regulators. In a preferred embodiment 
of the present invention, hydrogen is used as regulator for the molecular weight and thus also for 
the melt "flow rate. It is advantageous for the reactor firstly to be started up using a hydrogen 
concentration which results in formation of a polymer product whose MFR is significantly above 
the desired 4 g/10 min. There is frequently some time delay between introduction of the catalyst 
30 and commencement of the polymerization reaction. This initiation time of the catalyst depends 
essentially on impurities in the reactor and can therefore vary greatly from start-up phase to start- 
up phase even when using the same catalyst. During this initiation time, no hydrogen is 
consumed in the reactor and the hydrogen initially accumulates. Since, however, an increased 
hydrogen concentration and thus a further increased MFR of the polymer product formed initially 
35 has no adverse effects on the start-up phase, it is advantageous to set a hydrogen concentration 
in the reactor during start-up of the reactor which is at least so high that a polymer product having 
a sufficiently high MFR is formed even when the polymerization reaction starts immediately. 
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In a likewise advantageous variant, the rnelt flow rate of above 4 g/10 min during the start-up 
phase can be achieved by reducing the ethylene partial pressure during this time, for example by 
reducing the volume flow of ethylene or by lowering the pressure. 

5 Preference is generally given to setting the melt flow rate in the start-up phase initially to above 
4.5 g/10. min and continually reducing it to the value below 4 g/10 min until the long-term operating 
state has been reached. Particular preference is given to an increase in the melt flow rate during 
the start-up phase to a value of from 5 to 50 g/10 min, most preferably from 5 to 30 g/10 min. 

10 The start-up phase begins with the commencement of the polymerization, i.e. with the 

commencement of monomer consumption in the reactor. The duration of the start-up phase can, 
depending on reactor, reactor conditions, catalyst used, etc., be in the range from a few minutes 
to many hours or even days. The duration has to be such that safe and reliable start-up' of the 
reactor is ensured. This is generally until the flows are stable and constant at the desired output. 

15 However, it is naturally also desirable for economic reasons to keep the start-up phase during 
which product which is not within specification is produced as short as possible. The duration of 
the start-up phase is preferably in the range from 30 minutes to 30 hours, particularly preferably 
from 1 hour to 20 hours. In a preferred embodiment of the present invention, the melt flow rate in 
the start-up phase is initially set to the envisaged increased value and continually decreased to 

20 the value in long-term operation. 

The effect of the process of the present invention can, in an advantageous embodiment, be 
further improved by increasing the reactor temperature above that in long-term operation by at 
least 1°C at least prior to the start-up phase, i.e. at least until the polymerization reaction starts. 

25 The temperature has to be increased prior to the start-up phase and this increased temperature 
may, if appropriate, also be maintained during the start-up phase. Preference is given to reducing 
the increased temperature during the start-up phase to the value for long-term operation. The 
temperature is particularly preferably decreased continually, i.e. without temperature steps. The 
increase in the temperature significantly reduces the proportion of catalyst which gets into fhe 

30 region of the calming zone during the start-up phase and further increases the uniformity of start- 
up. This effect is presumably attributable to the increased stickiness of the polymer particles 
caused. by the increased temperature, so that they keep the catalyst more effectively in the 
fluidized bed, without being tied to this explanation. 

35 Particular preference is given to increasing the temperature during the start-up phase by at least 
1.5°C compared to longrterm operation. The upper limit to the temperature increase is imposed 
by the general process engineering maximum temperature up to which stable operation of the 
fluidized-bed reactor is ensured and depends greatly on the polymer product to be prepared, so 
that it may have to be determined empirically. Excellent results are achieved at a temperature 
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increase of from 1 to 4°C, in particular from 1.5 to 3°C, compared to long-term operation. The 
temperature in long-term operation is advantageously set in the operating range defined by 
equations I and II. 

5 The process of the present invention is intended for the polymerization of olefins, especially for 
the polymerization of nonpolar a-olefins; i.e. hydrocarbons having terminal double bonds, in a 
gas-phase fluidized-bed reactor. For the present purposes, nonpolar olefinic compounds also 
include aryl-substituted a-olefins. Particularly preferred a-olefins are linear or branched C 2 -C 12 -1- 
alkenes, in particular linear C2-C 10 -1-alkenes such as ethylene, propene, 1-butene, 1-pentene, 

10 1-hexene, 1-heptene, 1-octene or 1-decene or branched C 2 -C 10 -1-alkenes such as 4-methyl-1- 
pentene, conjugated and nonconjugated dienes such as 1,3-butadiene, 1,4-hexadiene or 1,7- 
octadiene or vinylaromatic compounds such as styrene or substituted styrene. It is also possible 
to polymerize mixtures of various a-olefins. 

15 Suitable olefins also include ones in which the double bond is part of a cyclic structure which may 
have one or more ring systems. Examples are cyclopentene, norbornene, tetracyclododecene 
and methylnorbornene and also dienes such as 5-ethylidene-2-norbornene, norbomadiene and 
ethylnorbomadiene. 

20 It is also possible to polymerize mixtures of two or more olefins. 

In particular, the process of the present invention can be used for the homopolymerization or 
copolymerization of ethene or propene. As comonomers in ethylene polymerization, preference is 
given to using C 3 -C 8 -a-olefins, in particular 1-butene, 1-pentene, 1-hexene and/or 1-octene. 
25 Particular preference is given to copolymerization of ethylene with 1-butene or 1-hexene. 
Preferred comonomers in the polymerization of propene are ethene and/or 1-butene. 

The process of the present invention is intended to be carried out using polymerization catalysts 
comprising organic transition metal compounds (hereinafter referred to as catalyst component A)). 
30 Furthermore, activating compounds (catalyst component C) and/or supports (catalyst component 
B) and also further additives and auxiliaries may be present in the polymerization catalyst. 

Possible organic transition metal compounds are in principle all compounds of transition metals of 
groups 3 to 12 of the Periodic Table or the lanthanides which contain organic groups and form 
35 active catalysts for olefin polymerization, preferably after reaction with the components B) and C). 
These are usually compounds in which at least one monodentate or polydentate ligand is bound 
to the central atom via a sigma or pi bond. Possible ligands include both those containing 
cyclopentadienyl radicals and also those which are free of cyclopentadienyl radicals. Chem. Rev. 
2000, Vol. 100, No. 4, describes many such compounds A) which are suitable for olefin 
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polymerization. Furthermore, multinuclear cyclopentadienyl complexes are also suitable for olefin 
polymerization, 

Suitable organic transition metal compounds A) include, in particular, those having at least one 
5 cyclopentadienyl-type ligand; those having two cyclopentadienyl-type ligands are generally 

referred to as metallocene complexes. Particularly useful organic transition metal compounds A) 
having at least one cyclopentadienyl-type ligand are compounds of the formula (I) 



10 




+1 

(I) 



where the substituents and indices have the following meanings: 

. 20 M 1A is titanium, zirconium, hafnium, vanadium, niobium, tantallum, chromium, 

molybdenum or tungsten or an element of group 3 of the Periodic Table or the 
lanthanides, 



X A are identical or different and are each, independently of one another, fluorine, 

25 chlorine, bromine, iodine, hydrogen, d-do-alkyl, C 2 -C 10 -aIkenyl, C 6 -C 15 -aryl, 

C 7 -C 40 -alkylaryl, Cy-do-arylalkyl, -OR^ or-NR^R™ or two radicals X A are 
joined to one another to form, for example, a substituted or unsubstituted 
diene ligand, in particular a 1,3-diene ligand, or a biaryloxy group, where 

30 R 6A and R 7A are each d-do-alkyl, C 6 -C 15 -aryl, d-do-arylalkyl, Cy-C^-alkylaryl, fluoroalkyl 

or fluoroaryl each having from 1 to 16 carbon atoms in the alkyl radical and 
from 6 to 21 carbon atoms in the aryl radical, 

n A is 1 , 2 or 3 and is such that, depending on the valence of M, the metallocene 

35 complex of the formula (I) is uncharged, 

R 1A to R^ are each, independently of one another, hydrogen, d-Csa-alkyl, 5- to 7- 

membered cycloalkyl or cycloalkenyl which may in turn bear d-Ci 0 -alkyl 
groups as substituents, C 2 -C22-a!kenyl, Ce-C^-aryl, Cy-do-arylalkyl, Cy-do- 
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alkylaryl, -NR BA 2l -N(SiR 8A 3 ) 2 , -OR 8A , -OSiR 8A 3 , -SiR 8 ^, where the radicals 
r ia tQ r sa may a(so be SU bstituted by halogen and/or two radicals R 1A to R 5A , 
in particular adjacent radicals, may be joined so that they together with the 
atoms connecting them form a preferably a five-, six- or seven-membered ring 
5 or a preferably five-, six- or seven-membered heterocycle containing at least 

one atom from the group consisting of N, P, O and S, where 

R 8A are identical or different and are each d-do-alkyl, d-do-cycloalkyl, d-ds- 

aryl, d-d-alkoxy or C 6 -C 10 -aryloxy and 

10 

Z A as defined for X A or is . 



R^ R 2 * 



15 



R 4A 



V ( 

R 1A A 

.M X nA+1 



20 

where the radicals 



25 



30 



35 



R 9A to R 13A are each, independently of one another, hydrogen, d-ds-alkyl, 5- to 7- 

membered cycloalkyl or cycloalkenyl which may in turn bear d-do-alkyl 
groups as substituents, d-da-alkenyl, d-C^-aryl, Cj-do-arylalkyl, Cy-do- 
alkylaryl, -NR 14A 2 , -N(SiR 14A 3 ) 2 , -OR 14A , -OSiR 14A 3 , ~SiR 14A 3l where the 
radicals R 1A to R 5A may also be substituted by halogen and/or two radicals R 1A 
to R 6 *, in particular adjacent radicals, may be joined so that they together with 
the atoms connecting them form a preferably five-, six- or seven-membered 
ring or a preferably five-, six- or seven-membered heterocycle containing at 
least one atom from the group consisting of N, P, O and S, where 

R 14A are identical or different and can each be d-do-alkyl, C 3 -d 0 -cycloalkyI, 

Ce-ds-aryl, d-d-alkoxy or C 6 -d 0 -aryloxy, 

or the radicals R 4A and Z A together form a -R 15A yA-A A - group, where 
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R 15A is 



10 



20 



16A R 16A R 1SA R 16A r1 6A r 16A 

li I, I, 'l 'l 'l 

-m 1 — . — lyi 3 — iyi 2 — , — m 1 — m— m— 

R 17A R 17A R 17A R 17A R 17A R 17A 



D 16A R 15A „16A R 16A R 16A R 16A 

f ? ? I I I 

-c — . — c— c — . — c— c— c — 

R 17A R 17A R 17A R 17A R 17A R 17A 



R ,6A R 18A 16A 



— C— — ! , O— M 1 , 

R 17A R 18A R 17A 

15 — BR 16A — , — (BNR 16A R 17A )— , -AIR 16A - , -Ge- , -Sn- , -O-, -S- 

-SO-, -SOr-, — NR 16A — , -CO-, -PR 16A - or -{POR 16A )- , 



where 



r 16A , r 17A and R 18A are identical or different and are each a hydrogen atom, a halogen atom, a 

trimethylsilyl group, a C^C-io-alky! group, a C^C^-fluoroalkyi group, a C6-C 10 - 
fluoroaryl group, a C 6 -C 10 -aryl group, a d-C 10 -alkoxy group, a C7-C 15 - 
alkylaryloxy group, a C 2 -C 10 -aIkenyl group, a C r C 40 -arylalkyl group, a C8-C40- 
25 arylalkenyl group or a C7-C 4 o-alkylaryl group or two adjacent radicals together 

with the atoms connecting them form a saturated or unsaturated ring having 
from 4 to 15 carbon atoms, and 



35 



40 



is silicon, germanium or tin, preferably silicon, 

a a is _o_ , _s- , _ NR 13A_ , -PR 18A - , -0-R 19A , -NR 19A 2 , -PR 19A 2 

or an unsubstituted, substituted or fused,, heterocyclic ring system, where 

r 19A are each, independently of one another, CVC^-alky!, C 6 -Cis-aryl, C 3 -C 10 - 

cycloalkyl, C 7 -C 1B -alkylaryl or -Si(R 20A ) 3 , 

r 20A is hydrogen, d-do-alkyl, C6-C 1s -aryl which may in turn bear C r C 4 -alkyl 

groups as substituents or C 3 -C 10 -cycloalkyl, 
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is 1 or, if A A is an unsubstituted, substituted or fused, heterocyclic ring system, 
1 orO, 

or the radicals R 4 * and R 12A together form a -R 15A - group. 

5 

The radicals X A in the formula (I) are preferably identical, particularly preferably fluorine, chlorine, 
bromine, C r Cralkyl or arylalkyl, in particular chlorine, methyl or benzyl. 

Among the organic transition metal compounds of the formula (I), preference is given to 



15 



20 



25 
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10 



15 



20 



25 



>15A, 




»1SA. 



M 1A X A n A 




(Ic) and 



(Id) 



Among the compounds of the formula (la), particular preference is given to those in which 



M 



1A 



is titanium or chromium, 

is chlorine,. Ct-C^alkyl, phenyl, alkoxy or aryloxy, 



30 



35 



40 



n A is 1 or 2 and 

r ia tQ R 5A are each hydrogen or d-C 4 -alkyl or two adjacent radicals R 1A to R 5 * together 

with the atoms connecting them form a substituted or unsubstituted 
unsaturated six-membered ring. 

Among the metallocenes of the formula (lb), preference is given to those in which 



M 



1A 



is titanium, zirconium, hafnium or chromium, 

is chlorine, d-C^alkyl or benzyl, or two radicals R x form a substituted or 
unsubstituted butadiene ligand, 
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n A is 1 or 2, preferably 2, or, if M 1A is chromium, 0, 

R 1A to R 5 * are each hydrogen, C r C 8 -alkyl, Cs-C^-aryl, -NR 8 ** -OSiR^s, -SiR 8A 3 or 

-Si(R 8A ) 3 and 

5 

r9A tQ R m are eacn hydrogen, C,-C 8 -alkyl, C 6 -C 10 -aryl, -NR 8 ^, -OSiR 8 ^ -SiR 8 ^ or 

-Si(R 8A ) 3l 

or in each case two radicals R 1A to R^ and/or R 9A to R 13A together with the cyclopentadieny) ring 
10 form an indenyl or substituted indenyl system. 

Particularly useful compounds of the formula (lb) are ones in which the cyclopentadienyl radicals 
are identical: 

1 5 Examples of particularly suitable compounds of the formula (lb) are 

bis(cyclopentadienyl)zirconium dichloride, • 

bis(pentamethylcyclopentadienyl)zirconium dichloride, 

bis(methylcyclopentadienyl)zirconium dichloride, 

bis(ethylcyclopentadienyl)zirconium dichloride, 
20 bis(n-butylcyclopentadienyl)zirconium dichloride, 

bis(1-n-butyl-3-methylcyclopentadienyl)zirconium dichloride, 

bis(indenyl)zirconium dichloride, 

bis(tetrahydroindenyl)zirconium dichloride and 

bis(trimethylsilylcyclopentadienyl)zirconium dichloride 
25 and also the corresponding dimethylzirconium compounds. 

Particularly useful metallocenes of the formula (Ic) are those in which 

R 1A and R 9A are identical or different and are each hydrogen or a d-Cio-alkyl group, 



30 



35 



R 5A and R 13A are identical or different and are each hydrogen or a methyl, ethyl, isopropyl or 
tert-butyl group, 

R^ and R 11A are each Ct-C^alkyl and 

R^ and R 10A are each hydrogen 



or 
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two adjacent radicals R 2 * and R 3 * or R 10A and R 11A together form a saturated or unsaturated cyclic 
group having from 4 to 44 carbon atoms, 

r isa js _ M 2A R i6A R i7A_ or _qr 16A r 17A _cr 16A R 17A — or -BR 16A - or — BNR 16A R 17A — , 

5 

M 1A is titanium, zirconium or hafnium and 

X A are identical or different and are each chlorine, CVC-alkyl, benzyl, phenyl or 

C7-C 15 -alkylaryloxy. 

10 

Particularly useful compounds of the formula (Ic) are compounds of the formula (lc") 



15 



20 



25 




where 

30 

the radicals R A are identical or different and are each hydrogen, d-Cio-alkyl or C 3 -C 10 -cycloalkyl, 
preferably methyl, ethyl, isopropyl or cyclohexyl, C 6 -C 2 o-aryl, preferably phenyl, naphthyl or 
mesityl, Cy-C^-arylalkyl, CT-C^alkylaryl, preferably 4-tert-butylphenyl or 3,5-di-tert-butylphenyl, 
or C 8 -C4o-arylalkenyl, 

35 

r 5A and R 13A are identical or different and are each hydrogen, d-Cs-alkyl, preferably methyl, 
ethyl, isopropyl, n-propyl, n-butyl, n-hexyl or tert-butyl, 
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and the rings S and T are each, independently of one another, saturated, unsaturated or partially 
saturated. 

The indenyl or tetrahydroindenyl ligands of the metallocenes of the formula (lc') are preferably 
5 substituted in the 2 position, the 2,4 positions, the 4,7 positions, the 2,4,7 positions, the 2,6 

positions, the 2,4,6 positions, the 2,5,6 positions, the 2,4,5,6 positions or the 2,4,5,6,7 positions, 
in particular in the 2,4 positions, with the following numbering applying to the site of substitution: 



10 



15 



25 



30 



35 




Preference is given to using bridged bis-indenyl complexes in the rac or pseudo-rac form as 
complexes (IC). The term "pseudo-rac form" refers to complexes in which the two indenyl ligands 
are in the rac arrangement relative to one another when all other substituents of the complex are 
2 q disregarded. 

Examples of particularly useful metallocenes (lc) and (lc") are 
dimethylsilanediylbis(cyc!opentadienyl)zirconium dichloride, 
dimethylsilanediylbis(indenyl)zirconium dichloride, 
dimethylsilanediylbis(tetrahydroindenyl)zirconium dichloride, 
ethylenebis(cyclopentadienyl)zirconium dichloride, 
ethylenebis(indenyl)zirconium dichloride, 
ethylenebis(tetrahydroindenyl)zirconium dichloride, 
tetramethylethylene-9-fluorenylcyclopentadienylzirconium dichloride, 
dimethylsilanediylbis(3-tert-butyl-5-methylcyclopentadienyl)zirconium dichloride, 
dimethylsilanediyibis(3-tert-butyl-5-ethylcyclopentadienyl)zirconium dichloride, 
dimethylsilanediylbis(2-methylindenyl)zirconium dichloride, 
dimethylsilanediylbis(2-isopropylindenyl)zirconium dichloride, 
dimethylsilanediylbis(2-tert-butylindenyl)zirconium dichloride, 
diethylsi!anediylbis(2-methylindenyl)zirconium dibromide, 
dimethylsilanediylbis(3-methyl-5-methylcyclopentadienyl)zirconium dichloride, 

dimethylsilanediylbis(3-ethyl-5-isopropylcyclopentadienyl)zirconium dichloride, 
dimethylsilanediylbis(2-ethylindenyl)zirconium dichloride, 
dimethylsilanediylbis(2-methyl-4,5-benzindenyl)zirconium dichloride 
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dimethylsilanediylbis(2-ethyl-4,5-benzindenyl)zirconium dichloride 
methylphenylsilanediylbis(2-methyl-4 l 5-ben2indenyl)zirconium dichloride, 
methylphenylsilanediylbistZ-ethyM.S-benzindenyOzirconium dichloride, 
diphenylsilanediylbis(2-methy!-4,5-benzindenyl)zirconium dichloride, 

5 diphenyIsilanediyIbis(2-ethyl-4,5-benzindenyl)zirconium dichloride, 
diphenylsiianediylbis(2-methylindenyl)hafnium dichloride, 
dimethylsilanediylbis(2-methyl-4-pheny!indenyl)zirconium dichloride, 
dimethylsilanediylbis(2-ethyl-4-phenylindenyl)zirconium dichloride, 
dimethylsilanediylbis(2-methyl-4-(1-naphthyl)indenyl)zirconium dichloride, 

1 0 dimethylsilanediylbis(2-ethyl-4-(1-naphthyl)indenyl)zirconium dichloride, 
dimethylsilanediylbis(2-propyI-4-(1-naphthyI)indenyl)zirconium dichloride, 
dimethylsilanediylbis(2-i-butyl-4-(1-naphthyl)indenyl)zirconium dichloride* 
dimethylsilanediylbis(2-propyl-4-(9-phenanthryl)indenyl)zirconium dichloride, 
dimethylsi!anediylbis(2-methyl-4-isopropyIindenyl)zirconium dichloride, 

1 5 dimethylsilanediylbis(2,7-dimethy WHSopropylindenyl)zirconium dichloride, 
dimethylsilanediylbis(2-methyM,6-diisopropylindenyl)zirconium dichloride, 
dimethylsilanediylbis(2-methyl^Ip-trifluoromethylphenyl]indenyl)zircon dichloride, 
dimethy!siIanediylbis(2-methyW-[3\5 , njimethylphenyl]indenyl)zircon^ 
dimethylsilanediyIbis(2-methyM-[4 , 4ert-butylphenyl]indenyl)zirconiurh dichloride, 

20 diethylsilanediylbis(2-methyW-[4 , 4ert-butylphenyl]indenyl)zirconium dichloride, 
dimethylsilanediylbis(2^thyM-t4 , -tert-butylphenyl]indenyl)zirconium dichloride, 
dimethylsilanediyIbis(2-propyM-[4 , -tert-butylphenyl]indenyl)zirconium dichloride, 
dimethylsilanediy!bis(2-isopropyM-[4-tert-butylphenyI]indenyl)zirconium dichloride, 
dimethylsilanediylbis(2-n-butyM-[4 l 4ert-butylphenyI]indenyl)zirconium dichloride, 

25 dimethylsilanediylbis(2-hexyM-[4 , 4ert-butylphenyl]indenyl)zirconium dichloride, 

dimethyIsilanediyl(2-isopropyM-phenylindenyl)(2-methyM-phenylindenyl)zirconium dichloride, 

dimethyIsilanediyl(2-isopropyM-(1niaph^ 

dichloride, 

dimethylsiIanediyl(2-isopropyM-[4Mert-butylphenyl]indenyl)(2-methyl^ 
30 indenyl)zirconium dichloride, 

dimethylsilanediyl(2-isopropyM-[4M:ert^^^ 
zirconium dichloride, 

dimethylsilanediyi(2-isopropyM-[4 , -tert-butylphenyl]indenyl)(2-m 
indenyl)zirconium dichloride, 
35 dimethyIsilanediyl(2-isopropyl^^^^ 
zirconium dichloride and 
ethylene^-isopropyM-^ert-butylph 
zirconium dichloride 
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and also the corresponding dimethylzirconium, zirconium monochloride mono(alkylaryloxide) and 
zirconium di(alkylaryloxide) compounds. 

Particularly useful compounds of the formula (Id) are those in which 

5 

M 1A is titanium or zirconium, in particular titanium, and 

X A is chlorine, C-j-C^alkyl or phenyl or two radicals X form a substituted or 

unsubstituted butadiene ligand, 

10 

R 15A is -SiR 16A R 17A ~ or -CR 16A R 17A -CR 16A R 17A -, . 

A A is -O- , -S- or — NR 19A — , 

15 R 1A to R^ and R^ are each hydrogen, CrC 1(r alkyl ( preferably methyl, C 3 -C 1cr cycloalkyl, 

. C 6 -C 15 -aryl or -SKR 8 ^, or two adjacent radicals form a cyclic group having 

from 4 to 12 carbon atoms, with particular preference being given to all 
r ia tQ R 3A and r sa bejng methyL 

20 Another group of compounds of the formula (Id) which are particularly useful are those in which 

M 1A is titanium or chromium, preferably in the oxidation state ill, and 

X A is chlorine, CVC^alkyl or phenyl or two radicals X A are a substituted or 

25 unsubstituted butadiene ligand, 

R 15A ♦ is -SiR 16A R 17A - or -CR 16A R 17A -CR 16A R 17A -, 

A A is -0-R 19A , -NR 19A 2 , -PR 19A 2 , 

30, . , 

R 1A to R^ and R 5A are each hydrogen, CrC 10 -alkyl, C 3 -Ci 0 -cycloaikyI t C 6 -C 15 -aryl or -Si(R 8A ) 3l 
or two adjacent radicals form a cyclic group having from 4 to 12 carbon 
atoms. 

35 Such complexes can be synthesized by methods known per se, preferably by reaction of the 
appropriately substituted, cyclic hydrocarbon anion with halides of titanium, zirconium, hafnium, 
vanadium, niobium, tantalum or chromium. 
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Examples of appropriate preparative methods are described, inter alia, in Journal of 
Organometallic Chemistry, 369 (1989), 359-370. 

Further suitable organic transition metal compounds A) are metallocenes having at least one 
5 ligand formed by a cyclopentadienyl or heterocyclopentadienyl having a fused-on heterocycle, 
where, in the heterocycles, at least one carbon atom is replaced by a heteroatom, preferably a 
heteroatom from group 15 or 16 of the Periodic Table, in particular by nitrogen or sulfur. Such 
compounds are described, for example, in WO 98/22486. They include, in particular, 

10 dimethylsilanediyl(2-methyl-4^ 
dichloride, 

dimethylsilanediylbis(2rmethyl-4-phenyl-4-hydroazulenyl)zirconium dichloride and 
dimethylsilanediylbis(2-ethyl-4-phenyl-4-hydroazulenyI)zirconium dichloride. 

1 5 Further organic transition metal compounds A) which are suitable for the purposes of the present 



invention include transition metal complexes having at least one ligand of the formulae (lla) to 
(He). 




(Ha) 



(lie) 



15B 




8B 



(lib) 



(Hd) 



(He) 



where the transition metal is selected from among the elements Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, Mo, 

40 • 



WO 2004/087776 



18 



PCT/EP2004/003452 



W, Fe, Co, Ni, Pd, Pt and the elements of the rare earth metals. Preference is given to 
compounds having nickel, iron, cobalt or palladium as central metaL 

E B is an element of group 1 5 of the Periodic Table of the Elements, preferably N or P, with 
5 particular preference being given to N. The two or three atoms E B in a molecule can be identical 
or different 

The radicals R 1B to R 19B . which may be identical or different within a ligand system of the formulae 
(lla) to (lie), are as follows: 

10 

R 1B and R 4B are each, independently of one another, a hydrocarbon radical or a 

substituted hydrocarbon radical, preferably a hydrocarbon radical in 
which the carbon atom adjacent to the element E B is bound to at least 
two carbon atoms, 

15 

R 20 and R 3B are each, independently of one another, hydrogen, a hydrocarbon 

radical or a substituted hydrocarbon radical, where R 28 and R 3B may 
also together form a ring system in which one or more heteroatoms may 
be present 

20 

R 6B and R 8B are each, independently of one another, a hydrocarbon radical or a 

substituted hydrocarbon radical, 

R 5B and R 9B are each, independently of one another, hydrogen, a hydrocarbon 

25 radical or a substituted hydrocarbon radical, 

where R 6B and R 5B or R 8B and R 9B may also together form a ring system, 

r7b are each( independently of one another, hydrogen, a hydrocarbon 

30 radical or a substituted hydrocarbon radical, where two R 7A may also 

together form a ring system, 

R 10B and R 14B are each, independently of one another, a hydrocarbon radical or a 

substituted hydrocarbon radical, 



35 



R 11B , R 12B , R 12B ' and R 13B are each, independently of one another, hydrogen, a hydrocarbon 

radical or a substituted hydrocarbon radical, where two or more geminal 
or vicinal radicals R 11B R 12B , R 12B ' and R 13B may also together form a 
ring system, 
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10 



15 



R 15B and R 18B are each, independently of one another, hydrogen, a hydrocarbon 

radical or a substituted hydrocarbon radical, 

R 16B and R 17B are each, independently of one another, hydrogen, a hydrocarbon 

radical or .a substituted hydrocarbon radical, 

r 190 is an organic radical which forms a 5- to 7-membered substituted or 

unsubstituted, in particular unsaturated or aromatic, heterocyclic ring 
system, in particular together with E B a pyridine system, 

n 1B is 0 or 1 , with the compounds of the formula (lie) being negatively 

charged when n 1B is 0, and 

n 2B is an integer from 1 to 4, preferably 2 or 3. 

Particularly useful transition metal complexes having ligands of the formulae (lla) to (lid) are, for 
example, complexes of the transition metals Fe, Co, Ni, Pd or Pt with ligands of the formula (lla). 
Particular preference is given to diimine complexes of Ni or Pd, e.g.: 

20 di(2,6-di-i-propylphenyl)-2 ( 3-dimethyldiazabutadienepaIladium dichloride, 

di(di-i-propylphenyl)-2,3-dimethyldiazabutadienenickeI dichloride, 

di(2 J 6-dH-propylphenyl)-2,3-dimethyldia2abutadienedimethyipalIadium t 

di(26-dH-propylphenyl)-2,3-dimethyldiazabutadienedimethylnickel, 

di(2,6-dimethylphenyl)-2 I 3-dimethyldiazabutadienrpalladium dichloride, 
25 di(2,6-dimethylphenyl)-2,3-dimethyidiazabutadienenickel dichloride, 

di(2,6-dimethylphenyl)-2 l 3-dimethyldiazabutadienedimethylpalladium, 

di(2,6-dimethylphenyl)-2;3-dimethyldiazabutadienedimethylnickel l 4 

di(2-methylphenyl)-2,3-dimethyIdiazabutadienepalladium dichloride, 

di(2-methylphenyI)-2,3-dimethyldiazabutadjenenickel dichloride, 
30 di(2-methylpheny])-2,3-dimethyldiazabutadienedimethylpalladium, 

di(2-methylphenyl)-2,3-dimethyidiazabutadienedimethylnickel, 

diphenyl-2,3-dimethyldiazabutadienepalladium dichloride, 

diphenyl-2,3-dimethyldiazabutadienenickel dichloride, 

diphenyl-2,3-dimethyldiazabutadienedimethylpalladium, 
35 diphenyl-2,3-dimethyldiazabutadienedimethyInickel, 

di(2,6-dimethylphenyl)azanaphthenepalladium dichloride, 

di(2,6-dimethylphenyl)azanaphthenenickel dichloride, 

d^.S-dimethylphenyOazanaphthenedimethylpalladium, 

di(2,6-dimethylphenyi)azanaphthenedimethylnickel l 
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1,1*-bipyridyl palladium dichloride, 
1 , 1 '-bipyridylnickel dichloride, 
1 , 1 MDipyridyI(dimethyl)paIiadium or 
1,r-bipyridyl(dimethyl)nickel. 

5 

Particularly useful compounds (He) include those described in J. Am. Chem. Soc. 120, p. 4049 ff. 
(1998), J. Chem. Soc, Chem. Commun. 1998, 849. Preferred complexes having ligands (lie) are 
2,6-bis(imino)pyridyl complexes of the transition metals Fe, Co, Ni, Pd or Pt, in particular Fe. 

10 Iminophenoxide complexes can also be used as organometallic transition metal compound A). 
The ligands of these complexes can be prepared, for example, from substituted or unsubstituted 
saiicyialdehydes and primary amines, in particular substituted or unsubstituted arylamines. 
Transition metal complexes with pi ligands having one or more heteroatoms in the pi system, for 
- example the boratabenzene ligand, the pyrrolyl anion or the phospholyl anion, can als be used as 

1 5 organic transition metal compounds A). 

Further transition metal compounds A) which are suitable for the purposes of the present 
invention are substituted monocyclopentadienyl, monoindenyl, monoftuorenyl- or 
heterocyclopentadienyl complexes of chromium, molybdenum or tungsten in which at least one of 

20 the substituents on the cyclopentadienyl ring bears a rigid donor function which is not bound 
exclusively via sp 3 -hybridized carbon or silicon atoms. The most direct link to the donor function 
thus contains at least one sp- or sp 2 -hybridized carbon atom, preferably from one to three sp 2 - 
hybridized carbon atoms. The most direct link preferably contains an unsaturated double bond or 
an aromatic or together with the donor forms a partially unsaturated or aromatic heterocyclic 

25 system. 

In these transition metal compounds, the cyclopentadienyl ring can also be a 
heterocyclopentadienyl ligand, i.e. at least one carbon atom can be replaced by a heteroatom 
from group 15 or 16. In this case, preference is given to one carbon atom in the five-membered 
30 ring being replaced by phosphorus. In particular, the cyclopentadienyl ring is substituted by further 
alkyl groups which may also form a five- or six-membered ring, e.g. as in tetrahydroindenyl, 
indenyl, benzindenyl or fluorenyl. 

Possible donors are uncharged functional groups containing an element of group 15 or 16 of the 
35 Periodic Table, e.g. amine, imine, carboxamide, carboxylic ester, ketone (oxo), ether, thioketone, 
phosphine, phosphite, phosphine oxide, sulfonyl, sulfonamide, or unsubstituted, substituted or 
fused, partially unsaturated heterocyclic or heteroaromatic ring systems. 
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Here, preference is given to using substituted monocyclopentadienyl, monoindenyl, monofluorenyl 
or heterocyclopentadienyl complexes of the formula (III) 



[ Z c — M c — X C „c ] 



(HI), 



10 



where 

M c is chromium, molybdenum or tungsten and 

Z c has the formula (Ilia) 



15 



R 1C 



\ r-,2C 



c-1C 



FT 



■ -Ok 

20 E 4C R 30 



/ 

R 4C 



where the variables have the following meanings: 

25 



E 1C - E 5C • are each carbon or not more than one atom E 1C to E 5C is phosphorus or nitrogen, 

A c is -NR 5C R 6C , -PR 5C R 6C , -OR 5C , -SR 5C or an unsubstituted, substituted or fused, 

partially unsaturated heterocyclic or heteroaromatic ring system, 

R c is one of the following groups: 



rJC 8C D 9C R 10C 11C 

i T T T I 

35 — C=C — , — C=C L— 

R 12C 
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10 



and, if A c is an unsubstituted, substituted or fused, partially unsaturated heterocyclic 
or heteroaromatic ring system, also 



13C 



2C 



R 



14C 



where 

L 1C , L 2C are each silicon or carbon, 

k c is 1 or, if A 1C is an unsubstituted, substituted or fused, partially unsaturated 

15 heterocyclic or heteroaromatic ring system, may also be 0, 

X c are each, independently of one another, fluorine, chlorine, bromine, iodine, 

hydrogen, d-C^-alkyl, C 2 -C 10 -alkenyl f C 6 -C 2 o-aryl, CT-C^-alkylaryl, -NR 15C R 16C , 
-OR 16C , -SR 15C , -S0 3 R 15C , -OC(0)R 15C , -CN, -SCN, (3-diketonate, -CO, BF 4 ", PF 6 * 
20 or a bulky noncoordinating anion, 

R ic m R iec are eachj independently of one another, hydrogen, C 1 -C 20 -alkyl, C 2 -C 20 -alkenyl, C 6 - 
C 20 -aryl, Cy-C^-alkylaryl, alkylaryl having from 1 to 10 carbon atoms in the aikyl part 
and 6-20 carbon atoms in the aryl part, SiR 17C 3 , where the organic radicals R 1B -R 16B 
25 may also.be substituted by halogens and two geminal or vicinal radicals R 1C -R 16 ?. 

may also be joined to form a five- or six-merhbered ring, 

R 17C are each, independently of one another, hydrogen, C^C^-alkyi, C 2 -C 2cr alkenyl, C 6 - 

C 20 -aryl, Cy-C^-alkylaryl, or two geminal radicals R 17C may also be joined to form a 
30 five- or six-membered ring, 

n c is 1 , 2 or 3 and 

m c is 1,2 or 3. 

The transition metal M c is particularly preferably chromium. 
Examples of organic transition metal compounds of the formula (III) are 



35 
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1-(8-quinolyI)-2»methyM-methylcyclopentadienylchromium(lli) dichloride, 

1^8-quinolyl)-3-isopropyl-5-methylcyclopentadieny!chromium(III) dichloride, 

H8-quinolyI)-34ert-butyi-5-methylcyclopentadienyIchromium(III) dichloride, 

I^S-quinolyO-Z^^^-tetramethylcycIopentadienylchromiumtlll) dichloride, 
5 1-(8-quinolyl)tetrahydroindenyichromium(lll) dichloride, 

1-(8-quinolyl)indenyichromium(lll) dichloride, 

1-(8-quinolyI)-2-methylindenylchromium(lll) dichloride, 

1-(8-quinolyl)-2-isopropy!indenylchromium(lll) dichloride, 

1-(8-quinolyI)-2-ethylindenyIchromium(lll) dichloride, 
10 l-(8-quinolyl)-2-tert-butylindenylchromium(lll) dichloride, 

1-(8-quinolyl)benzindenylchromium(lll) dichloride, 

1-(8-quinoiyl)-2-methylbenzindenyIchromium(lll) dichloride, 

l-(8-(2-methylquinolyl))-2-methyi^^ dichloride, 

1-(8-(2-methylquinolyl))-2,^ 
15 1-(8-(2-methylquinoIyI))tetrahydroindenyIchromium(lll) dichloride, 

1-(8-(2-methylquinolyl))indenylchromium(lll) dichloride, 

1-(8-(2-methylquinoIyI))-2-methylindenylchromium(lll) dichloride, 

1-(8-(2-methylquinolyl))-2-isopropylindenyIchromium(l!l) dichloride, 

1-(8.(2-methyIquinolyl))-2-ethylindenyichromium(lll) dichloride, 
20 l^S^-methyiquinolyOJ^-tert-butylindenylchromiumCIII) dichloride, 

1-{8-(2-methyIquinolyl))benzindenylchromium(III) dichlorid or 

1-(8-(2-methylquinolyl))-2-methylbenzindenylchromium(lll) dichloride. 

The preparation of functional cyclopentadienyl ligands has been known for a long time. Various 
25 synthetic routes to these complexing ligands are described by, for example, M. Enders et al. in 
Chem. Ber. (1996), 129, 459-463 or P. Jutzi and U. Siemeling in J. Organomet Chem, (1995), 
500, 175-185. . * 

The metal complexes, in particular the chromium complexes, can be obtained in a simple manner 
30 by reacting the appropriate metal salts, e.g. metal chlorides, with the ligand anion (e.g. using a 
method analogous to the examples in DE-A 197 10 615). 

Additional transition metal compounds A) which are suitable for the purposes of the present 
invention include imidochromium compounds of the formula (IV), 

35 



Cr 



(IV) 
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where the variables have the following meanings: 

R D is R 1D C=NR 2D , R 1D C=0, R 1D C=0(OR 2D ), R 1D OS, (R 1D ) 2 P=0, (OR 1D ) 2 P=0, S0 2 R 1D , 

r id r 2d c=Nj nr id r 2d Qr br id r2 d CrC20 -alkyl, CVCzo-cycloalkyI, C 2 -C 20 -aIkenyl, Ce- 
5 C 20 -aryl, Cy-C^-alkylaryl, hydrogen if this is bound to a carbon atom, where the 

organic substituents R 1D and R 2D may also bear inert substituents, 

X D are each, independently of one another, fluorine, chlorine, bromine, iodine, -NR 3D R 4D , 

-NP(R 3D ) 3 , -OR 3D , -OSi(R 3D ) 3 , -S0 3 R 3D , -OC(0)R 3D , p-diketonate, BF 4 ", PF 6 " or a 
10 bulky weakly coordinating or noncoordinating anion, 

r id_ R 4D are each> independently of one another, C^Cgo-alkyl, C 2 -C 20 -alkenyl, C 6 -C 20 -aryl, 
C 7 -C 40 -aIkylaryl, hydrogen if this is bound to a carbon atom, where the organic 
radicals R 1D to R 4D may also bear inert substituents, 



15 



20 



n D is 1 or 2, 

m D * is 1, 2 or 3 and has a value such that, depending on the valence of Cr, the 
metaltocene complex of the formula (IV) is uncharged, 



L D is an uncharged donor and 

y° is from 0 to 3. 

25 Such compounds and their preparation are described, for example, in WO 01/09148. 

Further suitable transition metal compounds A) include transition metal complexes having a 
tridentate macrocydic ligand, e.g. 

[1 .S.S-trKmethylJ-l ,3,5-triazacyc!ohexane]chromium trichloride, 
30 [1 .S.S-trKethylM ,3,5-triazacycIohexane]chromium trichloride, 
[1 ,3,5-tri(octyl)-1 ,3 t 5-triazacyclohexane]chromium trichloride, 
[I.S.S-tnXdodecyO-I.S^-triazacyclohexanelchromium trichlorid and 
[1 ,3,5-tri(benzyI)-1 ,3,5-triazacycIohexane]chromium trichloride. 

35 Mixtures of various organic transition metal compounds can also be used as component A). 



An important prerequisite for use in the process of the present invention is the ability of the 
organic transition metal compounds to produce polymers having a melt flow rate of less than 
4 g/10 min, i.e. relatively high molecular weight polymers. 
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The polymerization behavior of the organic transition metal compounds can be influenced by 
varying the substituents R 1A -R 13A . The number and type of substituents can influence the ability 
of the olefins to be polymerized to gain access to the metal atom M. This makes it possible to 
modify the activity and selectivity of the catalyst in respect of various monomers, in particular 
5 bulky monomers. Since the substituents can also influence the rate of termination reactions of the 
growing polymer chain, the molecular weight of the polymers formed can also be altered in this 
way. The chemical structure of the substituents R 1 to R 5 and R 1A -R 13A can therefore be varied 
within a wide range in order to achieve the desired results and obtain a tailored catalyst system. 

10 The process of the present invention is particularly effective when unbridged metallocene 

catalysts of the formula (1b) containing zirconium as transition metal are used. Catalyst systems 
based on bis(1-methyl-3-butylcyclopentadienyl)zirconium dichloride are particularly useful for 
preparing high molecular weight polymer products having a low melt flow rate (MFR), but have a 
particularly strong tendency to form fine particles and lumps in gas-phase fluidized-bed reactors, 

15 in particular when starting up the reactor. Particularly good results are obtained when start-up is 
carried out with formation of products having a high MFR and also at elevated temperature. 
However, it should be emphasized that although an increase in temperature achieves a further 
improvement in the start-up in the case of many metallocene catalysts, it is not necessary 
according ot the present invention. 

20 

Some of the organic transition metal compounds A) have little polymerization activity on their own 
and are therefore brought into contact with an activating compound so as to be able to display 
good polymerization activity. For this reason, the catalyst system optionally further comprises one 
or more activation compounds as component C). 

25 

Suitable compounds C) which are able to react with the organic transition metal compound, 
preferably a metallocene, to convert it into a catalytically active, or more active, compound are, for 
example, compounds such as an aluminoxane, a strong uncharged Lewis acid, an ionic 
compound having a Lewis-acid cation or an ionic compound containing a Bronsted acid as cation. 

30 

The amount of activating compounds to be used depends on the type of activator. In general, the 
molar ratio of metal complex A) to activating compound C) can be from 1:0.1 to 1:10 000, 
preferably from 1 : 1 to 1 :2000. 

35 The process of the present invention is preferably carried out using at least one aluminoxane as 
activating compound. As aluminoxanes, it is possible to use, for example, the compounds 
described in WO 00/31090. Particularly useful aluminoxanes are open-chain or cyclic 
aluminoxanes of the formula (Va) or (Vb) 
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,4M 



(Va) 



5 



fo— AI-] 



m 



10 



( 3M 



(Vb) 



where R 1M -R 4M are each, independently of one another, a Ct-Ce-alkyl group, preferably a methyl, 
ethyl, butyl or isobutyl group, and m is an integer from 1 to 40, preferably from 4 to 25. 

A particularly useful aluminoxane is methylaluminoxane (MAO). 

These oligomeric aluminoxane compounds are usually prepared by controlled reaction of a 
solution of trialkylaluminum, in particular trimethylaluminum, with water. In general, the oligomeric 
aluminoxane compounds obtained in this way are in the form of mixtures of both linear and cyclic 
chain molecules of various lengths, so that m is to be regarded as a mean. The aluminoxane 
compounds can also be present in admixture with other metal alkyls, usually aluminum alkyls. 
Aluminoxane preparations suitable as component C) are commercially available. 

Furthermore, modified aluminoxanes in which some of the hydrocarbon radicals have been 
replaced by hydrogen atoms or alkoxy, aryloxy, siloxy or jamide radicals can also be used as 
component .C) in place of the aluminoxane compounds of the formula (Va) or (Vb). 

It has been found to be advantageous to use the organic transition metal compounds A) and the 
aluminoxanes in such amounts that the atomic ratio of aluminum from the aluminoxanes including 
any aluminum alkyl still present to the transition metal from the metallocene complex A) is in the 
range from 1:1 to 2 000:1, preferably from 10:1 to 500:1 and in particular in the range from 20:1 to 
400:1. 

A further class of suitable activating components C) are hydroxyaluminoxanes. These can be 
prepared, for example, by addition of from 0.5 to 1.2 equivalents of water, preferably from 0.8 to 
1 .2 equivalents of water, per equivalent of aluminum to an alkylaluminum compound, in particular 
triisobutylaluminum, at low temperatures, usually below 0°C. Such compounds and their use in 
olefin polymerization are described, for example, in WO 00/24787. The atomic ratio of aluminum 
from the hydroxyaluminoxane compound to the transition metal from the metallocene complex A) 
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is usually in the range from 1:1 to 100:1, preferably from 10:1 to 50:1 and in particular in the range 
from 20:1 to 40:1. 

As strong, uncharged Lewis acids, preference is given to compounds of the formula (VI) 

5 

M 2D X 1D X 2D X 3D ^ 

where 

10 M 2D is an element of group 13 of the Periodic Table of the Elements, in particular B, Al or 

Ga, preferably B, 

X 1D , X 2D and X 3D are each hydrogen, C-rdo-aikyi, C^C^-aryl, alkylaryl, arylalkyl, haloalkyl or 

haloaryl each having from 1 to 10 carbon atoms in the alkyl radical and from 6 to 20 
15 carbon atoms in the aryl radical or fluorine, chlorine, bromine or iodine, in particular 

haloaryls, preferably pentafluorophenyl. 



Further examples of strong, uncharged Lewis acids are given in WO 00/31090. 
Compounds of this type which are particularly useful as component C) are boranes and boroxins 
20 such as trialkylborane, triarylborane or trimethylboroxin. Particular preference is given to using 
boranes which bear at least two perfluorinated aryl radicals. Particular preference is given to 
compounds of the formula (XII) in which X 1D , X 2D and X 3D are identical, preferably 
tris(pentafluorophenyl)borane. 

25 Suitable compounds C) are preferably prepared by reaction of aluminum or boron compounds of 
the formula (XII) with water, alcohols, phenol derivatives, thiophenol derivatives or aniline 
derivatives, with halogenated and especially perfluorinated alcohols and phenols being of 
particular importance. Examples of particularly useful compounds are pentafluorophenol, 1,1- 
bis(pentafluorophenyl)methanol and ^hydroxy^^'.S.S'^'^.S'^^'-nonafluorobiphenyl. Examples 

30 of combinations of compounds of the formula (XII) with Br6nsted acids are, in particular, 
trimethylaluminum/pentafluorophenol, trimethylaluminum/1-bis(pentafluorophenyl)methanol, 
trimethylaluminumM-hydroxy^^'.S.S'^'.S^'.e^'-nonafluorobiphenyl, 
triethylaluminum/pentafluorophenol and triisobutylaluminum/pentafluorophenol and 
triethylaluminumM^'-dihydroxy^^'.S^'.S^'.e^-octafluorobiphenyl hydrate. 

35 

In further suitable aluminum and boron compounds of the formula (XII), R 1D is an OH group. 
Examples of compounds of this type are boronic acids and borinic acids, in particular borinic acids 
having perfluorinated aryl radicals, for example (C 6 H 5 ) 2 BOH. 
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10 



Strong uncharged Lewis acids suitable as activating compounds C) also include the reaction 
products of a boronic acid with two equivalents of an aluminum trialkyl or the reaction products of 
an aluminum trialkyl with two equivalents of an acidic fluorinated, in particular perfluorinated, 
hydrocarbon compound such as pentafluorophenol or bis(pentafluorophenyl)borinic acid. 

The suitable ionic compounds having Lewis-acid cations include salt-like compounds of the cation 
of the formula (XIII) 

[((M 3D ) a+ )Q 1 Q 2 ...Q 2 ] d+ (XIII) 

where 

M 3D is an element of groups 1 to 16 of the Periodic Table of the Elements, 

15 Qt to Q 2 are singly negatively charged groups such as C^^s-alky!, C 6 -C 15 -aryI, alkylaryl, 

arylalkyl, haloalkyl, haloaryl each having from 6 to 20 carbon atoms in the aryl radical 
and from 1 to 28 carbon atoms in the alkyl radical, C 3 -C 10 -cycloalkyl which may bear 
Ci-do-alkyI groups as substituents, halogen, CVCae-alkoxy, C 6 -C 15 -aryloxy, silyl or 
mercaptyl groups, 

20 

a is an integer from 1 to 6 and 

z is an integer from 0 to 5, 

corresponds to the difference a-z, but d is greater than or equal to 1 . 



25 



Particularly useful cations are carbonium cations, oxonium cations and sulfonium cations and also 
cationic transition metal complexes. Particular mention may be made of the triphenylmethyl 
30 cation, the silver cation and the 1 ,r-dimethylferrocenyl cation. They preferably have 

noncoordinating counterions, in particular boron compounds as are also mentioned in WO 
91/09882, preferably tetrakis(pentafluorophenyl)borate. 



Salts having noncoordinating anions can also be prepared by combining a boron or aluminum 
35 compound, e.g. an aluminum alkyl, with a second compound which can react to link two or more 
boron or aluminum atoms, e.g. water, and a third compound which forms an ionizing ionic 
compound with the boron or aluminum compound, e.g. triphenylchloromethane, or optionally a 
base, preferably an organic nitrogen-containing base, for example an amine, an aniline derivative 
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or a nitrogen heterocycle. In addition, a fourth compound which likewise reacts with the boron or 
aluminum compound, e.g. pentafiuorophenol, can be added. 

Ionic compounds containing BrOnsted acids as cations preferably likewise have noncoordinating 
5 . counterions. As Bronsted acid, particular preference is given to protonated amine or aniline 

derivatives. Preferred cations are N.N-dimethylanilinium, N,N-dimethylcyclohexylammonium and 
N,N-dimethylbenzylammonium and also derivatives of the latter two. 

Compounds containing anionic boron heterocycles as are described in WO 97/36937 are also 
10 suitable as component C), in particular dimethylanilinium boratabenzene or trityl boratabenzene. 

Preferred ionic compounds C) contain borates which bear at least two perfluorinated aryl radicals. 
Particular preference is given to N.N-dimethylanilinium tetrakis(pentafluoropheny!)borate and in 
particular N,N-dimethyIcyclohexylammonium tetrakis(pentafluorophenyl)borate, 
15 N.N-dimethylbenzylammonium tetrakis(pentafluorophenyl)borate or trityl 
tetrakispentafluorophenylborate. 

It is also possible for two or more borate anions to be joined to one another, as in the dianion 
[(C 6 F5)2B-C 6 F4-B(C 6 F5)2] 2 " I or the borate anion can be bound to the support surface via a bridge 
20 having a suitable functional group. 

Further suitable activating compounds C) are listed in WO 00/31090. 

The amount of strong, uncharged Lewis acids, ionic compounds having Lewis-acid cations or 
25 . ionic compounds containing Bronsted acids as cations is preferably from 0.1 to 20 equivalents, 
more preferably from 1 to 10 equivalents and particularly preferably from 1 to 2 equivalents, 
based on the biscyclopentadienyl complex A). 

Suitable activating compounds C) also include boron-aluminum compounds such as 
30 di[bis(pentafluorophenyl)boroxy]methylalane. Examples of such boron-aluminum compounds are 
those disclosed in WO 99/06414. 

It is also possible to use mixtures of all the abovementioned activating compounds C). Preferred 
mixtures comprise aluminoxanes, in particular methylaluminoxane, and an ionic compound, in 
35 particular one containing the tetrakis(pentafluorophenyl)borate anion, and/or a strong uncharged 
Lewis acid, in particular tris(pentafluorophenyi)borane or a boroxin. 
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Both the biscyclopentadienyl complexes A) and the activating compounds C) are preferably used 
in a solvent, preferably an aromatic hydrocarbon having from 6 to 20 carbon atoms, in particular 
xylenes, toluene, pentane, hexane, heptane or a mixture thereof. 

5 A further possibility is to use an activating compound C) which can simultaneously be employed 
as support Such systems are obtained, for example, from an inorganic oxide by treatment with 
zirconium alkoxide and subsequent chlorination, for example by means of carbon tetrachloride. 
The preparation of such systems is described, for example, in WO 01/41920. 

10 For the transition metal compounds A) and, if used, the activating compounds C) to be employed 
in polymerization processes in a gas-phase fluidized-bed reactor, it is often advantageous, and 
preferred according to the present invention, to use them in the form of a solid, i.e. for them to be 
applied to a solid support B). The organic transition metal compounds A) are therefore, if desired, 
immobilized on an organic or inorganic support B) and introduced continuously or discontinuously 

15 in supported form into the gas-phase fluidized-bed reactor. This enables, for example, deposits in 
the reactor to be suppressed further or avoided and the polymer morphology to be controlled. 

Particular preference is given to a catalyst system comprising a metallocene of the formula (lb) 
and at least one activating compound C) and also a support component B). 

20 

To obtain such a supported catalyst system, the unsupported catalyst system A) can be reacted 
with a support B). The order in which the support B), the organic transition metal complex A) and 
the activating compound C) are combined is in principle immaterial. The organic transition metal 
complex A) and the activating compound C) can be fixed to the support independently of one 

25 another, e.g. in succession or simultaneously. Thus, the support B) can firstly be brought into 
contact with the activating compound or compounds C) or the support B) can firstly be brought 
into contact with the organic transition metal complex A). Preactivation of the organic transition 
metal complex A) using one or more activating compounds C) prior to mixing with the support B) 
is also possible. In a possible embodiment, the organic transition metal complex A) can also be 

30 prepared in the presence of the support B). 

Immobilization is generally carried out in an inert solvent which is then filtered off or evaporated 
after immobilization has been carried out. After the individual process steps, the solid can be 
washed with suitable inert solvents such as aliphatic or aromatic hydrocarbons and then dried. 
35 The use of the still moist, supported catalyst is also possible. 

In a preferred method of preparing the supported catalyst system, at least one organic transition 
metal complex A) is brought into contact with at least one activating compound C) in a suitable 
solvent, preferably giving a soluble reaction product, an adduct or a mixture. The preparation 
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obtained in this way is then mixed with the dehydrated or passivated support B), the solvent is 
removed and the resulting supported organic transition metal complex catalyst system is dried to 
ensure that all or most of the solvent has been removed from the pores of the support material. 
The supported catalyst is obtained as a free-flowing powder. Examples of the industrial 
5 implementation of the above process are described in WO 96/00243, WO 98/4041 9 or WO 

00/05277. A further preferred embodiment comprises firstly applying the activating compound C) 
to the support B) and subsequently bringing this supported compound into contact with the 
organic transition metal complex A). This second variant is particularly advantageous in the case 
of the unbridged metallocene complexes which are preferably used. 

10 

As support B), preference is given to using finely divided supports which can be any organic or 
inorganic solids. Suitable inorganic supports are oxides of metals of groups 2, 3, 4, 5, 13, 14, 15 
and 16 of the Periodic Table of the Elements. Examples of oxides preferred as supports include 
silicon dioxide, aluminum oxide and also mixed oxides of the elements calcium, aluminum, silicon, 
15 magnesium or titanium and also corresponding oxide mixtures. Other inorganic oxides which can 
be used alone or in combination with the abovementioned preferred oxidic supports are, for 
example, MgO, CaO, AIP0 4 , Zr0 2 , Ti0 2l B 2 0 3 or mixtures thereof. As organic supports, it is 
possible to use finely divided polymer powders (e.g. a polyolefin or a polymer having polar 
functional groups). 

20 

The supports used preferably have a specific surface area in the range from 10 to 1000 m 2 /g, a 
pore volume in the range from 0.1 to 5 ml/g and a mean particle diameter of from 1 to 500 \im. 
Preference is given to supports having a specific surface area in the range from 50 to 700 m 2 /g, a 
pore volume in the range from 0.4 to 3.5 ml/g and a mean particle diameter in the range from 5 to 
25 350 urn. Particular preference is given to supports having a specific surface area in the range 
from 200 to 550 m 2 /g, a pore volume in the range from 0.5 to 3.0 ml/g and a mean particle 
diameter of from 10 to 150 pm, in particular 30-120 \xrr\.. 

The supports can be subjected to a thermal treatment, e.g. to remove absorbed water, before 
30 use. Such a drying treatment is generally carried out at from 80 to 300°C, preferably from 100 to 
200°C, with drying at from 100 to 200°C preferably being carried out under reduced pressure 
and/or under a blanket of inert gas (e.g. nitrogen). 

As an alternative, inorganic supports can be calcined at from 200 to 1 000°C, if appropriate to set 
35 the desired structure of the solid and/or the desired OH concentration of the surface. Preference 
is given to calcination for from 3 to 24 hours at from 250°C to 1000°C, in particular from 400°C to 
700°C. Simultaneously passing air or inert gas over the support or applying a vacuum is also 
possible. On heating, the inorganic supports firstly give off water, i.e. drying occurs. On further 
heating, viz. the actual calcination, the metal hydroxides are converted into the metal oxides with 
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elimination of hydroxyl groups and interstitial anions. OH groups or interstitial anions such as 
carbonate can also continue to remain in the calcined inorganic supports. A measure of this is the 
loss on ignition. This is the weight loss experienced by a sample which is heated in two steps, viz. 
firstly for 30 minutes at 200°C in a drying oven and then for one hour at 950°C in a muffle furnace. 

5 

As inorganic support materials, preference is given to silica gel, magnesium chloride, aluminum 
oxide, mesoporous materials, aluminosiiicates and hydrotalcites. Particular preference is given to 
using silica gel, since particles whose size and structure are suitable as supports for olefin 
polymerization can be produced from this material. Spray-dried silica gels, which are spherical 
10 agglomerates of smaller granular particles, i.e. primary particles, have been found to be 

particularly useful. The silica gels can be dried and/or calcined as described above before use. 

The inorganic supports, in particular silica gels, are generally used as finely divided powders 
having a mean particle diameter d 50 of from 5 to 200 pjn, preferably from 10 to 150 jim, 

15 particularly preferably from 15 to 100 urn and in particular from 20 to 70 |im, and usually have 

pore volumes of from 0.1 to 10 cm 3 /g, preferably from 0.2 to 5 cm 3 /g, and specific surface areas of 
from 30 to 1000 m 2 /g, preferably from 50 to 800 m 2 /g and in particular from 100 to 600 m 2 /g, most 
preferably from 240 to 450 m 2 /g. Metallocenes are preferably applied in such an amount that the 
concentration of metallocenes in the finished catalyst system is from 5 to 200 jxmol, preferably 

20 from 10 to 100 ^mol and particularly preferably from 20 to 70 prnol, per g of support. 

The inorganic supports can also be chemically modified. For example, the treatment of silica gel 
with NH 4 SiF 6 or other fluorinating agents leads to fluorination of the silica gel surface, or treatment 
of silica gels with silanes containing nitrogen-, fluorine- or sulfur-containing groups leads to 
25 correspondingly modified silica gel surfaces. 

Suitable organic supports are, for example, polyethylene, polypropylene or polystyrene, which are 
preferably likewise freed of adhering moisture, solvent residues or other impurities by appropriate 
purification and drying operations before use. It is also possible to use polymer supports bearing 
30 polar functional groups, e.g. ones based on polystyrene, polyethylene, polypropylene or 

polytetrafluoroethylene, via whose functional groups, for example ammonium or hydroxy groups, 
at least one of the catalyst components can be fixed. Here, particular mention may be made of 
copolymers of ethylene and acrylic esters, acrolein or vinyl acetate. 

35 A further form of pretreatment is prepolymerization of the catalyst system with or without prior 
application to a support, with preference being given to prepolymerization of the supported 
catalyst system. The prepolymerization can be carried out continuously in a prepolymerization 
plant located upstream of the gas-phase fluidized-bed reactor. Batchwise prepolymerization 
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independent of the operation of the reactor is also possible. The prepolymerization can in this 
case be carried out in the gas phase, in suspension or in the monomers (bulk). 

The process of the present invention is illustrated below by examples of particularly preferred 
5 embodiments. It may be pointed out that the application to a support and the polymerization in 
each of the examples can also be combined in other ways. 

Examples 

10 A gas-phase fluidized-bed reactor was started up using metallocene catalysts. A circulated gas 
cyclone (CGC) which separates the fine particles carried from the reactor from the circulated gas 
is located downstream from the reactor. The catalyst used in each of the following examples is 
bis(1-methyl-3-butylcyclopentadienyl)zirconium dichloride/MAO supported on silica gel. An LLDPE 
product having a density of about 0.922 g/cm 3 and a melt flow rate MFR (1 90°C/2.1 6 kg) of less 

15 than 4 g/10 min, determined in accordance with ISO 1 133, is to be produced in long-term 
operation in each case. 1-Hexene was used as comonomer. 

Example 1 

20 a) Preparation of the supported catalyst 

4 kg of silica gel (Grace Davison XPO2107, particle diameter about 70 pm) was calcined at 600°C 
for six hours, subsequently suspended in 20 I of toluene and cooled to 10°C. 9.61 I of 
methylaluminoxane (MAO, Albemarle, 30% in toluene) were slowly added while stirring, with the 
25 temperature being kept below 12°C. A further 1 .2 I of toluene were added and the temperature of 
the flask was increased to 25°C. The silica gel/MAO suspension was filtered, the solid was 
resuspended in 30 I of toluene, stirred for 15 minutes and filtered again. This purification step was 
repeated twice more. 

30 The moist silica gel/MAO was suspended in 20 I of toluene at 25°C. 48.8 g of bis(1-methyl-3- 
butylcyclopentadienyl)zirconium dichloride were dissolved in 0.75 I of toluene and added to the 
silica gel/MAO suspension while stirring. After the addition was complete, the mixture was stirred 
for another 2 hours. The suspension was filtered, the solid was resuspended in 20 I of toluene, 
filtered again and dried at 50°C under reduced pressure to give a free-flowing catalyst powder. 

35 

The catalyst contained 24.3% by weight of volatile substances and had a bulk density of 453.3 g/l 
and an elemental composition of 10.5% by weight of aluminum, 25.5% by weight of silicon and 
0.13% by weight of zirconium. 
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b) Polymerization 

The polymerization was carried out in a reactor having an output of 50 kg/h of polyethylene. As 
can be seen from table 1, the reactor was started up at an MFR increased over that under 
5 production conditions over a start-up period of 15 hours by operating it at the beginning at an 

increased ratio of the flow of hydrogen to the flow of ethylene compared to long-term operation. A 
polymerization product having an MFR (190°C/2.16 kg) of above 15 g/10 min was produced at the 
beginning and the MFR was reduced to the desired value of below 4 g/10 min over a period of 
about 15 hours. 

10 

In addition, the reactor temperature was initially set to 97°C and after the polymerization reaction 
had started (about 2 hours) was reduced to the production temperature of 95°C. 

The start-up phase and the subsequent production operation were stable with a small amount of 
15 material being discharged from the circulated gas cyclone. The formation of lumps was not 
observed. 



Table 1 



20 



30 
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Comparative example 1 

a) Preparation of the supported catalyst 

5 105.4 g of bis(1-methyl-3-butylcyclopentadienyI)zirconium dichloride were dissolved in 6.4 I of 
methylaluminoxane (MAO, Albemarle, 30% in toluene) and the mixture was stirred for one hour at 
room temperature. The solution was added slowly while stirring to 4.5 kg of silica gel (Ineos 
ES70X), which had previously been calcined at 600°C for 6 hours, with the temperature being 
kept below 40°C. After the addition was complete, 0.5 I of toluene was added to rinse out the flask 

1 0 containing the MAO/bis(1-methyl-3-butylcyclopentadienyl)zirconium dichloride solution. The 
catalyst was dried under reduced pressure to give a free-flowing powder. 

The catalyst contained 31% by weight of volatile substances and had an elemental composition of 
8.3% by weight of aluminum and 0.21% by weight of zirconium. 

15 

b) Polymerization 

The polymerization was carried out in a reactor having an output of 6.5 kg/h of polyethylene. As 
can be seen from table 2, a polymerization product having an MFR (190°C/2.16 kg) of below 
20 4 g/10 min was produced in the reactor from the beginning by introducing a significantly smaller, 
compared to example 1 , hydrogen flow relative to ethylene into the reactor. 

After only one hour of operation, lumps were evident in the reactor and finally led, after about 21 
hours, to shutdown of the reactor since the product discharge opening had become blocked. 

25 

Table 2 
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Example 2 

a) Preparation of the supported catalyst 

35 4 kg of silica gel (Grace Davison XPO2107) was calcined at 600°C for six hours, subsequently 
suspended in 20 I of toluene and cooled to 10°C. 9.61 I of methylaluminoxane (MAO, Albemarle, 
30% in toluene) were slowly added while stirring, with the temperature being kept below 12°C. A 
further 1 .2 I of toluene were added and the temperature of the flask was increased to 25°C. The 
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silica gel/MAO suspension was filtered, the solid was resuspended in 30 1 of toluene, stirred for 15 
minutes and filtered again. This purification step was repeated twice more. - 

The moist silica gel/MAO was suspended in 20 I of toluene at 25°C. 48.8 g of bis(1-methyl-3- 
5 butylcyclopentadienyl)zirconium dichloride were dissolved in 0.75 I of toluene and added to the 
silica gel/MAO suspension while stirring. After the addition was complete, the mixture was stirred 
for another 2 hours. The suspension was filtered, the solid was resuspended in 20 I of toluene, 
filtered again and dried at 50°C under reduced pressure to give a free-flowing catalyst powder. 

10 The catalyst contained 24.3% by weight of volatile substances and had a bulk density of 453.3 g/l 
and an elemental composition of 10.5% by weight of aluminum, 25.5% by weight of silicon and 
0.13% by weight of zirconium. 

b) Polymerization 

15 

The polymerization was carried out in a reactor having an output of 50 kg/h of polyethylene. As 
can be seen from table 3, the reactor was started up at an MFR increased over that under 
production conditions over a start-up .period of 25 hours by commencing with a high proportion of 
hydrogen, A polymerization product having an MFR (190°C/2.16 kg) of above 8 g/10 min was 
20 produced at the beginning and the MFR was reduced to the desired value of below 4 g/10 min 
over a period of about 25 hours. 

In addition, the reactor temperature was initially set to 97°C and after the polymerization reaction 
had started (about 2 hours) was reduced to the long-term operation temperature of 95°C. 

25 

The start-up phase and the subsequent production operation were stable with low formation of 
fine particles. The formation of lumps was not observed. 



30 



35 



WO 2004/087776 



PCT/EP2004/003452 



Table 3 
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20 Example 3 

a) Preparation of the supported catalyst 

4 kg of silica gel (Grace Davison XPO2408, particle diameter about 45 pm) was calcined at 600°C 
25 for six hours, subsequently suspended in 20 I of toluene and cooled to 10°C. 9.61 i of 

methylaluminoxane (MAO, Albemarle, 30% in toluene) were slowly added while stirring, with the 
temperature being kept below 12°C. A further 1.2 I of toluene were added and the temperature of 
the flask was increased to 25°C. The silica gel/MAO suspension was filtered, the solid was 
resuspended in 30 I of toluene, stirred for 15 minutes and filtered again. This purification step was 
30 repeated twice more. 

The moist silica gel/MAO was suspended in 20 I of toluene at 25°C. 60.5 g of bis(1-methyl-3- 
butylcyc!opentadienyl)zirconium dichloride were dissolved in 0.75 I of toluene and added to the 
silica gel/MAO suspension while stirring. After the addition was complete, the mixture was stirred 
35 for another 2 hours. The suspension was filtered, the solid was resuspended in 20 I of toluene, 
filtered again and dried at 50°C under reduced pressure to give a free-flowing catalyst powder. 
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The catalyst contained 5.3% by weight of volatile substances and had a bulk density of 343.2 g/l 
and an elemental composition of 12.6% by weight of aluminum, 31% by weight of silicon and 
0.24% by weight of zirconium. 

5 b) Polymerization 

The polymerization was carried out in a reactor having an output of 50 kg/h of polyethylene. As 
can be seen from table 4, the reactor was started up at an MFR increased over that under 
production conditions over a start-up period of 15 hours by commencing with a high proportion of 
10 hydrogen. A polymerization product having an MFR (190°C/2.16 kg) of about 8 g/10 min was 
produced at the beginning and the MFR was reduced to the desired value of below 4 g/10 min 
over a period of about 15 hours. 

The start-up phase and the subsequent production operation were stable with low formation of 
15 fine particles. Only small amounts of lumps in the start-up phase were formed. 



Table 4 
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10.87 


3 




7.5 


0.9203 


491 


6 


20.0 


95.5 


380.0 


58.5 


38.1 


2.47 


1.09 


29.8 


30.1 


3.31 


6.01 


10.87 












7 


20.0 


95.6 


380.0 


58.1 


38.4 


2.46 


1.11 


29.8 


31.0 


3.41 


6.01 


11.10 




4 


6.9 


0.9206 


500 


8 


20.0 


95.5 


380.0 


57.7 


38.9 


2.46 


113 


29.8 


32.4 


3.55 


6.01 


11.55 


4 










9 


20.0 


95.5 


380.0 


57.4 


39.2 


246 


1.14 


29.8 


33.0 


3.63 


6.01 


11.78 




1 


6.1 


0.9198 


507 


10 


20.0 
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380.0 
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3.83 


5.97 
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95.5 
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1.16 


24.0 
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3.88 


6.01 
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14 


20.0 


95.5 
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2.48 


1.15 


24.3 
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5.97 


13.59 
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20.0 


95.5 


380.0 


57.1 


39.6 


2.49 


1.14 


24.4 


36.2 


3.95 


6.01 


13.59 
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20.0 


95.5 


380.0 


57.5 


39.2 


2.52 


1.13 


24.0 


35.6 


3.88 


6.01 
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20.0 


95.5 
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57.8 


38.9 


2.53 


1.13 


24.0 


35.6 


3.88 


6.02 
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20.0 
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57.9 


38.8 
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25.0 


37.0 


4.03 


5.96 
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20.0 


95.5 
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58.1 
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2.52 


1.12 
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5.98 
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